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Background: The most common intestinal nematodes of dogs are Toxocara canis, hookworm and Trichuris vulpis.
The present study was aimed to validate a new copromicroscopic technique, the Mini-FLOTAC and to compare its
diagnostic efficiency and sensitivity with four other copromicroscopic techniques: direct smear, tube flotation,
Wisconsin method and the FLOTAC dual technique.
Findings: Two experiments were performed. In the first, faecal positive samples collected from 59 stray asymptomatic
dogs, of which 21 were naturally infected with ancylostomidae, 13 naturally infected with T. canis and 25 naturally
infected with T. vulpis were used to validate the Mini-FLOTAC technique. The second experiment was performed on
faecal samples randomly selected from 38 stray asymptomatic dogs to compare the diagnostic efficiency and sensitivity
of the different techniques. Samples were fixed with 5% formalin; sodium chloride and zinc sulphate were used for
flotation solutions because they performed best for detecting and quantifying intestinal nematode eggs in dogs.
Mini-FLOTAC and FLOTAC were the most efficient and sensitive techniques and they gave higher EPG and higher
numbers of positive samples in both the experiments, for all three parasites.
Conclusions: As Mini-FLOTAC does not require centrifugation it is a very promising technique for counting helminth
eggs in dog faeces.
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Introduction
The most common intestinal nematodes in dogs are Toxo-
cara canis, hookworm and Trichuris vulpis [1]. Their con-
trol is especially important where there are young children
because of their close contact with dogs and in very young
children the risk of geophagy, as these parasites are very
widespread in environment [2].
The presence of intestinal parasitic infections in dogs is
normally checked by copromicroscopic techniques, the
most common being direct smear or flotation methods
such as the simple tube flotation or the flotation in centri-
fuge (Wisconsin technique) [3]. The direct smear is a quick
technique that requires minimal equipment as well as a
small amount of faeces (about 0.1 g). Some veterinarians
make direct smears using only the faeces that cling to a* Correspondence: lrinaldi@unina.it
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unless otherwise stated.rectal thermometer after taking the animal’s temperature.
This procedure is inaccurate, with a very low sensitivity,
and it also leaves a large amount of faecal debris on the
slide, making visualization of eggs more difficult. To over-
come these problems flotation techniques have been devel-
oped [4].
These are commonly used in parasitological diagnosis be-
cause they concentrate parasitic elements and remove debris.
The most utilized flotation techniques for canine parasite
diagnosis are the flotation in tube and the Wisconsin [5].
It is important to note, however, that these techniques
have a low efficiency and may miss low-intensity infec-
tions or may be inefficient at high egg density, due to a
lack of a grid on the slides, that permit a correct count of
parasitic elements inside a known area [6,7]. Several quan-
titative microscopic techniques (faecal egg count, FEC)
utilizing the flotation method are used in parasitology for
the study, diagnosis and counting of parasitic eggs, larvae,
oocysts and cysts per gram of faeces (EPG, LPG, OPG,
CPG) in animals and humans [8].l Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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eggs, larvae, oocysts and cysts of parasites of dogs is the
FLOTAC technique [8], which is accurate to 1 EPG, LPG,
OPG, CPG, but requires centrifugation of the apparatus [9].
To simplify the diagnostic procedure, the Mini-FLOTAC
apparatus has been introduced and sample preparation
has been simplified with the Fill-FLOTAC [10], a sampling
kit that eliminates operator contact during processing
of samples, i.e. weighing, homogenization, filtration and
filling of the Mini-FLOTAC chambers. Likewise to the
FLOTAC, Mini-FLOTAC is very useful for multivalent
techniques that permit simultaneous diagnosis of eggs,
larvae, oocysts and cysts. The present study was aimed at
comparing the Mini-FLOTAC technique (MFT) with four
other microscopic techniques: direct smear, flotation in
tube, flotation in centrifuge (Wisconsin method) and the
FLOTAC dual technique (FDT). For these purposes, two
experiments were performed using faeces samples from




Faecal samples were collected from 59 asymptomatic
naturally infected dogs with T.canis (13 samples), ancy-
lostomidae (21 samples) and T.vulpis (25 samples) that
were previously analysed with FDT, using two flotation so-
lutions (FSs), sodium chloride (FS2, specific gravity = 1.20)
and zinc sulphate (FS7, specific gravity = 1.35) [9].
Each faecal sample was analysed fresh and fixed in 5%
formalin. For all the flotation based techniques the same
two FSs previously employed with FDT were used.
From each fresh faecal sample, after a thorough
homogenization, one aliquot of 5 g was used to perform
3 replicates of: direct smear (DS) [11], flotation in tube
(FT) [3] and Wisconsin (WS) [3]. Then, from each fresh
sample one aliquot of 20 g was weighed and fixed with
20 ml of 5% formalin with a dilution ratio of 1:1 (one
part of 5% formalin and one part of faeces). After one
week, the fixed faeces were diluted with water to reach
400 ml (faecal dilution = 1:20), thoroughly homogenized
and filtered through a 250 μm wire mesh. From the
filtered suspension, 18 aliquots of 10 ml were placed inTable 1 Mean EPG of T. canis, ancylostomidae, T. vulpis in 59
and two flotation solutions, sodium chloride (FS2) and zinc s
Parasite Fresh faeces (mean EPG)
Direct
smear
Flotation in tube Wisconsin Flotation
FS2 FS7 FS2 FS7 FS2
T. canis 0.2** 5.8** 7.4** 20.5** 27.0** 5.3**
Ancylostomidae 0.1+ 32.1** 17.4+ 41.9** 22.8+ 29.1**
T. vulpis 0.4+ 4.6+ 6.2+ 28.6+ 36.8** 5.6+
Significant differences for different symbols (*,**,+) (P < 0.05).15 ml tubes and then centrifuged for 3 min at 170 × g.
The supernatant was discarded and tubes were
then randomly assigned to the following techniques:
FT, WS, and FDT to have 3 replicates for each of the
two FSs used for each technique. For the Mini-FLOTAC
technique (MFT) from each fresh faecal sample, two
aliquots of 2 g were placed in two Fill-FLOTACs and
fixed with 2 ml of 5% formalin. The FS was added to
a final volume of 40 ml, homogenized and 3 Mini-FLOTACs
were filled for each of two FSs, to have 3 replicates for
each FS.
It is important to note that the faecal fixation was per-
formed using 5% formalin in combination with a reduced
dilution ratio (1:1) compared to the usual standard used in
parasitology (formalin concentration of 10% at the dilu-
tion ratio 1:4) [11]. For the sensitivity we have calculated
the gold standard based on a combination of all the tech-
niques used.
Experiment 2
For the diagnosis of T.canis, ancylostomidae and T.vulpis,
faeces from 38 randomly selected asymptomatic dogs
were collected, thoroughly homogenized and used to per-
form a comparison of different copromicroscopic tech-
niques: DS, FT and WS on fresh faeces, FT, WS, FDT and
MFT on fixed faeces. From each fresh faeces one aliquot
of 10 g was weighed and fixed with 10 ml of 5% formalin
(dilution ratio of 1:1). After one week, the fixed faeces
were diluted with water to reach 200 ml (faecal dilution =
1:20), thoroughly homogenized and filtered through a 250
μm wire mesh. From the filtered suspension, 6 aliquots of
10 ml were placed in 15 ml tubes and then centrifuged for
3 min at 170 × g. The tubes were then randomly assigned
to the following techniques: FT, WS and FDT for both FSs
and when testing the efficiency and sensitivity, no repli-
cates were used.
Two aliquots of 2 g of fresh faeces, from each of the
dogs, were placed in two Fill-FLOTACs, fixed with 2 ml of
5% formalin (dilution ratio 1:1) and processed as already
described to perform the Mini-FLOTAC.
For the percentage of positive samples, we have calcu-
lated the gold standard considering it a combination of
all the techniques used.faecal samples using five copromicroscopic techniques
ulphate (FS7)
Faeces fixed in 5% formalin (mean EPG)
in tube Wisconsin Mini-FLOTAC FLOTAC dual technique
FS7 FS2 FS7 FS2 FS7 FS2 FS7
6.2** 66.6* 80.2* 118.3 129.3 118.6 134.2
4.9+ 55.5* 30.2** 124.8 72.9* 92.8 66.8*
3.5+ 43.0** 53.1** 82.3* 73.3* 59.5** 109.4
Table 2 The sensitivity of the two different preservation methods and of five different copromicroscopic techniques




Fresh faeces Faeces fixed in 5% formalin
Sensitivity (%) Sensitivity (%)
Direct
smear
Flotation in tube Wisconsin Flotation in tube Wisconsin Mini-FLOTAC FLOTAC dual technique
FS2 FS7 FS2 FS7 FS2 FS7 FS2 FS7 FS2 FS7 FS2 FS7
T. canis 13 5.1** 66.6* 61.5** 87.2 92.3 51.3** 59.0** 94.9 94.9 100 100 100 100
Ancylostomidae 21 1.6** 96.8 82.5* 100 96.8 98.4 71.4** 100 96.8 100 100 100 100
T. vulpis 25 14.7** 66.6** 58.6** 89.3 96.0 74.6* 65.3** 98.6 97.3 100 100 100 100
Significant differences for different symbols (*, **) (P < 0.05).
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The arithmetic mean EPG were calculated for each para-
site and each technique. Differences between the EPG ob-
tained with the two FSs were analysed using one-way
ANOVA with post hoc Fisher’s least significant difference
(LSD). Differences between sensitivity were obtained using
chi-square test. All statistical analyses (Mann–Whitney U-
test, ANOVA) were performed using STATA 10.0 software
(Stata Corp., Texas 77845, USA).
Results
Experiment 1
The two FLOTAC techniques (MFT and FDT) gave
higher eggs counts for T. canis and ancylostomidae (with
use of FS2) than DS, FT and WS (P < 0.05), whereas for
T. vulpis FDT with use of FS7 was more sensitive than
the other techniques (P < 0.05) (Table 1). Comparing re-
sults of EPG obtained with fresh and fixed faeces, no sta-
tistically significant differences were obtained with FT
for all three parasites analysed, while for WS there was a
statistically significant increase for all three parasites
(Table 1).
The DS gave the lowest sensitivity, 5.1% for T.canis,
1.6% for ancylostomidae and 14.7% for T.vulpis vs 100%
for all the three parasites for FDT and MFT (Table 2).
Comparing results obtained with fresh and fixed faeces
for sensitivity, no statistically significant differences were
obtained with WS for all three parasites analysed, while
for FT for T.canis a significant decrease with 5% forma-
lin and FS2 was obtained; for ancylostomidae a signifi-
cant decrease with 5% formalin and FS7 was obtained,Table 3 Mean EPG of T. canis, ancylostomidae, T. vulpis in 38
and two flotation solutions, sodium chloride (FS2) and zinc s
Parasite Fresh faeces (mean EPG)
Direct
smear
Flotation in tube Wisconsin Flotation
FS2 FS7 FS2 FS7 FS2
T. canis 0** 5.5 ** 4.5 ** 9.5 ** 9.5 ** 1.5 **
Ancylostomidae 0 + 29 ** 7.3 + 35 ** 15 + 42 **
T. vulpis 0.5 + 6.6 + 16.4 + 91.8 ** 117.4 ** 9.1 +
Significant differences for different symbols (*, **, +) (P < 0.05).while for T.vulpis a significant increase with 5% formalin
and FS2 was obtained (Table 2).
Experiment 2
Nine of the 38 samples (23.7%) of dog faeces were posi-
tive, 3 for T. canis, 4 for ancylostomidae, 2 for T. vulpis.
The MFT (with use of FS7) and FDT (with both FSs)
gave higher EPG with T. canis than DS, FT and WS (P <
0.05). Also for ancylostomidae, MFT and FDT using FS2
gave higher EPG than DS, FT and WS (P < 0.05),
whereas for T. vulpis FDT using FS7 was more sensitive
than the other techniques (P < 0.05) (Table 3).
The DS gave the lowest number of positive samples,
0% for T.canis, 0% for ancylostomidae and 50.0% for T.
vulpis vs 100% for all the three parasites for FDT and
MFT (Table 4).
Discussion
The availability of a wide range of anthelmintic treatments
for dogs has often led to their routine use whether or
not the animals are infected. Fortunately there is very lit-
tle evidence for anthelmintic resistance developing ex-
cept with hookworms in Australia [12]. Diagnosis before
treatment should be a general principle for all parasite
infections in all animals, but practitioners either do not
undertake faecal egg counts or they usually use the DS [13].
The results of this study suggest that, as previously reported
in other papers the DS has a very low sensitivity [13,14],
and so, for faecal egg counting to be widely adopted,
a simple sensitive technique is required. The combined
use of Fill-FLOTAC and MFT for the first time meets thefaecal samples using five copromicroscopic techniques
ulphate (FS7)
Faeces fixed in 5% formalin (mean EPG)
in tube Wisconsin Mini-FLOTAC FLOTAC dual technique
FS7 FS2 FS7 FS2 FS7 FS2 FS7
1.5 ** 44.5 * 69.5 * 63 * 90 90 102
9.3 + 89.3 * 23 + 108 90 120 77.3 *
3.7 + 102.9 ** 136.3 * 168 * 194.2 * 135 * 269
Table 4 The percentage of positive samples of T. canis, ancylostomidae and T. vulpis in 38 positive faecal samples,




Fresh faeces Faeces fixed in 5% formalin
Prevalence (%) Prevalence (%)
Direct
smear
Flotation in tube Wisconsin Flotation in tube Wisconsin Mini-FLOTAC FLOTAC dual technique
FS2 FS7 FS2 FS7 FS2 FS7 FS2 FS7 FS2 FS7 FS2 FS7
T. canis 3 0 66.7 66.7 66.7 66.7 66.7 66.7 100 66.7 100 100 100 100
Ancylostomidae 4 0 100 100 100 75 100 75 100 100 100 100 100 100
T. vulpis 2 50 100 100 100 100 100 50 100 100 100 100 100 100
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centrifuge and enables handling and processing of samples
with minimum operator exposure as well as permitting
the safe use of formalin. With the exception of T.vulpis
eggs in FS7, MFT was as sensitive as FDT and can there-
fore be considered the standard for detecting helminth
eggs in canine faecal samples. Recent works have shown
that MFT is more sensitive than the formol-ether concen-
tration and DS for the diagnosis of soil-transmitted hel-
minths in humans [15-17]. It is also more sensitive than
the McMaster for the diagnosis of Eimeria in goats [18].
Despite the availability of good canine anthelmintics,
high infection rates are still found in many parts of the
world indicating lack of systematic diagnosis and treat-
ment [19]. The availability of a simple sensitive technique
capable of detecting not only nematode and trematode
eggs, but nematode larvae (i.e. Angiostrongylus, unpub-
lished observations) and intestinal protozoa, e.g. Giardia,
means that the recommendations of ESCCAP (European
Scientific Counsel of Companion Animal Parasites) http://
www.esccap.org for faecal examination before treatment
can now be met and health of humans and pets improved.
In conclusion, the present study suggests that the MFT
is a promising technique for detecting and counting hel-
minth eggs in dog faeces, and can be used in place of the
FDT, in laboratories where the centrifugation step cannot
be performed.
Abbreviations
FEC: Faecal Egg Count; EPG: LPG, OPG, CPG, Eggs, larvae, oocysts and cysts
per gram of faeces; MFT: Mini-FLOTAC Technique; FDT: FLOTAC dual
technique; FS: Flotation solution; DS: Direct smear; FT: Flotation in tube;
WS: Wisconsin.
Competing interest
The FLOTAC and Mini-FLOTAC apparatus have been developed and are
patented by G. Cringoli, University of Naples ‘Federico II’. They are provided
free of charge to public research centres, including universities. The fact
that one of the authors is the current patent holder of the FLOTAC and
Mini-FLOTAC apparatus played no role in the preparation and submission of
the manuscript. All other authors declare no competing financial interests.
Author’s contributions
MPM - Carried out the laboratory analysis and prepared the manuscript.
LR – Participated in the study design and performed the statistical analyses.
GCC - Participated in the study design and revised the manuscript. SA and
PP - Carried out the laboratory analysis. CG - Conceived the study andparticipated in its design and coordination. All authors read and approved
the final manuscript.Acknowledgements
The PRP Project 10 (Campania Region): Control and reduction of
echinococcosis/hydatidosis in animals and prevention of human pathology
related is sincerely acnowledged.
Author details
1Department of Veterinary Medicine and Animal Productions, University of
Naples Federico II, CREMOPAR Regione Campania, Via Della Veterinaria 1,
80137 Naples, Italy. 2Department of Sperimental Medicine, Second University
of Naples, Naples, Italy. 3School of Veterinary Sciences, University of Bristol,
Langford House, Bristol, UK.
Received: 4 April 2014 Accepted: 21 July 2014
Published: 6 August 2014References
1. Traversa D: Pet roundworms and hookworms: a continuing need for
global worming. Parasit Vectors 2012, 5:91.
2. Xhaxhiu D, Kusi I, Rapti D, Kondi E, Postoli R, Rinaldi L, Dimitrova ZM, Visser
M, Knaus M, Rehbein S: Principal intestinal parasites of dogs in Tirana,
Albania. Parasitol Res 2011, 108(2):341–353.
3. MAFF: Manual of Veterinary Parasitological Laboratory Techniques. Ministry of
Agriculture, Fisheries and Food. London: Reference book 418. H.M.S.O; 1986.
4. Humm K, Adamantos S: Is evaluation of a faecal smear a useful technique
in the diagnosis of canine pulmonary angiostrongylosis? J Small Animal
Pract 2010, 51:200–203.
5. Egwand TG, Slocombe JO: Evaluation of the Cornell-Wisconsin centrifugal
flotation technique for recovering trichostrongylid eggs from bovine
feces. Can J Comp Med 1982, 46:133–137.
6. Mes TH, Eysker M, Ploeger HW: A simple, robust and semi-automated
parasite egg isolation protocol. Nat Protoc 2007, 2(3):486–489.
7. Bergquist R, Johansen MV, Utzinger J: Diagnostic dilemmas in helminthology:
what tools to use and when? Trends Parasitol 2009, 25(4):151–156.
8. Cringoli G, Rinaldi L, Maurelli MP, Morgoglione ME, Musella V, Utzinger J:
Ancylostoma caninum: calibration and comparison of diagnostic accuracy
of flotation in tube, McMaster and FLOTAC in faecal samples of dogs.
Exp Parasitol 2011, 128:32–37.
9. Cringoli G, Rinaldi L, Maurelli MP, Utzinger J: FLOTAC: new multivalent
techniques for qualitative and quantitative copromicroscopic diagnosis
of parasites in animals and humans. Nat Prot 2010, 5(3):503–515.
10. Cringoli G, Rinaldi L, Albonico M, Bergquist R, Utzinger J: Geospatial (s)tools
: integration of advanced epidemiological sampling and novel
diagnostics. Geospat Health 2013, 7(2):399–404.
11. Foreyt WJ: Diagnostic parasitology. Vet Clin North Am Small Anim Pract
1989, 19(5):979–1000.
12. Kopp SR, Kotze AC, McCarthy JS, Coleman GT: High-level pyrantel
resistance in the hookworm Ancylostoma caninum. Vet Parasitol 2007,
143(3–4):299–304.
13. Dryden MW, Payne PA, Ridlay R, Smith V: Comparison of common faecal
flotation techniques for the recovery of parasite eggs and oocysts.
Vet Therap 2005, 6:15–27.
Maurelli et al. Parasites & Vectors 2014, 7:356 Page 5 of 5
http://www.parasitesandvectors.com/content/7/1/35614. Venco L, Valenti V, Genchi M, Grandi G: A dog with pseudo-Addison
disease associated with Trichuris vulpis infection. J Parasitol Res 2011,
2011:682039.
15. Barda B, Rinaldi L, Ianniello D, Zepherine H, Salvo F, Sadutshang T, Cringoli
G, Clemente M, Albonico M: Mini-FLOTAC, an innovative direct diagnostic
technique for intestinal parasitic infections: experience from the field.
Plos Negl Trop Dis 2013, 7(8):e2344.
16. Barda B, Ianniello D, Salvo F, Sadutshang T, Rinaldi L, Cringoli G, Burioni R,
Albonico M: “Freezing” parasites in pre-Himalayan region, Himachal
Pradesh: experience with mini-FLOTAC. Acta Trop 2013, 130C:32–37.
17. Barda B, Zepherine H, Rinaldi L, Cringoli G, Burioni R, Clementi M, Albonico
M: Mini-FLOTAC and Kato-Katz: helminth eggs watching on the shore of
Lake Victoria. Parasit Vectors 2013, 6:220.
18. Silva LMR, Villa-Vicosa MJM, Maurelli MP, Morgoglione ME, Cortes HCE,
Cringoli G, Rinaldi L: Mini-FLOTAC for the diagnosis of Eimeria infection in
goats: an alternative to McMaster. Small Rumt Res 2013, 114(2):280–283.
19. Balassiano BC, Campos MR, Menezes Rde C, Pereira MJ: Factors associated
with gastrointestinal parasite infection in dogs in Rio de Janeiro, Brazil.
Prev Vet Med 2009, 91(2–4):234–240.
doi:10.1186/1756-3305-7-356
Cite this article as: Maurelli et al.: Mini-FLOTAC, a new tool for
copromicroscopic diagnosis of common intestinal nematodes in dogs.
Parasites & Vectors 2014 7:356.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
